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faces toward the wind. Turbulence and the more rapid 
movement of both trou h and crest than of the middle of 

In windy, cloudy weather the form.of the smoke is essen- 
tially the same, for the waves roduced in the wind by 
the unevenness of the 

usual1 on a smaller scale. 
7. B ea 6reeze or squaU front.-On the front of a sea 

breeze, the smoke blows idand from the top of the smoke- 
stack, but is carried u and returned seaward aloft. 

occasions. There is the same bow formation on the front 
of a thunder squall, though the turbulence is so much 
greater that the bow is not so lon 

From these observations of s m s e ,  it seems that in so 
far as smoke movements make air currents visible, smoke 
becomes a valuable indicator of the structure of the 
wind. 

the "wave" dissipates t B e smoke in two or three minutes. 

ound f ave vertical movements 
somewhat like those o r local heat convection, though 

This has been observed P rom Blue Hill, Mass., on several 

THE STRUCTUBE OF GUSTS.' 

By Major C. C. TURNEB, R. A. F. 
[Abstract.] 

In  a steady wind an airplane itself moves as if in a 
calm. Thus, if the wind is unsteady the number of 
gusts encountered in a given time will be tho same 
whether there is a following or a head wind. And if, 
as anemometers indicate, usts have no more abru t 

lull from behind should be the same. Nevertheless, avi- 
ators say they can feel the difference between a head 
wind and a following one, and that they can climb 
fastest against the wind. Soarin birds apparently have 

plain in any way other than that gusts begin more sud- 
den1 than they end. Apparently, we need more re- 
fine B observations to show what the differciice is.--. 
F. B. 

onset than end, the effect o P a gust from in front or o P a 

the same experience. This wo 3 d seem difficult to ex- 

A VIB(II14lb TOBNADO. 

By Prof. ALBERT W. GILES, Univeraity of Virginia. 
[Dated. University, Va., Oct. 28, 1918.1 

On October 29,1917, a tornado occurred in the southern 
part of the State of Vir ia that seems worthy of brief 

situated in the north-central part of Pittsylvania County, 
37 miles north of Danville, and on the main line of the 
Southern Railroad, waa directly in the path of the clis- 
turbance and suffered severely. As a matter of fact, 
the destructive effects of the tornado were limited 
essentially to Gretna itself,. its path being traceable but 
a short &stance on either side of the town. 

Tornadoes are very rare in Virginia.. Greeley in his 
American Weather records less than five for the western 
part of the State between the years 1794 to 1881, and no 
published descriptions of this type of storm as occurring 
within thB confines of the State are known to the writer. 
h the study of the Gretna tornado no features new to 

tornadoes were discovered. It was simply a small 
storm of its class mqifesting the usual henomena. 

autumn, IS worthy of especial note as well as the lateness 
of the hour, 10:40 p. m. 

record. Gretna, a sma $" d l a g e  of some 200 inhabitants, 

However, the date of its occurrence, very s ate in the 

Its path from the south-southwest toward the north- 
northeast may be traced continuously for a distance of 
about 3 miles, closely paralleling the Southern Railroad. 
In  no place examined was the width of this path greater 
than GOO feet and locally it was but 150 feet wide. The 
accompanying map, figure 1, displays the direction of 
its course throu h Gretna. 

one-fourth of a mile south of Gretna along the left side of 
the main highway. Here one or two trees had been 
twisted off and two straw stacks had been blown over. 
Passing beyond these the tornado crossed the main high- 

The first evi f encea of destruction were found about 

FIG. 1.4lcetch map olOretaashowing the path of the tornado 
1. The Myers home. 
2. The Easthan home. 

through the village. 

3. Large t&i&ii &house destroyed. 
4. Tobsew warehousedamaged. 
5. Gretna Livery, Feed, and Sales stablu. 
R Pnatnmm ". - -I_ --". 
7. The Plckral home. 
9. Powell'sstore. 
9. The Eddie B-tt home. 

10. The Dr:Powell's home. 
11. The CMstlsn Church. 
12. The ddams home. 
13. Southern Railmard station. 
14. VlrglnlaHotel. 
15. The J. E. Bennett home. 

wa and encountered the houses on the south side of the 
vilLge. t he first was a small frame structure (1, fig. 1) 
occupied by Mrs. Susie Myers. It was set back 3 or 4 
feet and the bac.k end rotated 8 feet from its normal osi- 
tion. Notwithstanding the unusual movements o P her 
home Mrs. M ers preferred to remain in bed rather than 
to  go out an B face the storm. The next house (2, fig. l ) ,  
100 feet north of the Myers home, was severely shaken 
but not damaged. The tornadic whirl apparently lifted 
over it only to descend with destructive violence on a 
large tobacco warehouse north-northwest 100 feet 
beyond. This building, 40 by 80 feet, substantially con- 
structed of boards and three stories high, was totally 
destroyed (3, fig. 1). 
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'FIo. 2.-The ruins of the Gretne Livery Feed and Sale4 Stable The tornado WBS 
traveling tonard the northwest here'and ust missed the pbst ofRce the brick 

FIG. 8 . 4  
!t 

t home in the lor round and the Powell home in 
oking northwest. YE. H. btevens, photo.) 

building in the background. Looking northeast. (E. H. Stevens, phdto.) .%. 

FIG. &-The rear of the Adam home. Looking northwest. (E. H. Stevens. photo.) 

Fro 4 -Front rtion &thek*& ett house turned bottom upward and blown 
e&tkrd I& against the%e tree h ths s t ryt  curbing. f.ooking west. 
(E. E. Stevens, photo.) 

FIG. 5.--l'he remains of the Christian Church. The greater part of this structure 
thway of the tornado for the distance of one-half was distributed along the 

mile to the northeast. Look% g north. (E. H. Stevens, photo.) 
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Immediately after hitting the warehouse the tornado 
changed its dlrection to the northwest, and crossin the 
main highway again, split into two minor whirls, jufiging 
from the destructive effects. The whirl that took the 
right-hand course damaged a large tobacco warehouse 
(4, Sg. l ) ,  warping and twisting it, and then completely 
removed the to and u per story of the new brick struc- 
ture occupied l!y the &retna hvery,  Feed & Sales Co. 
(5, fig. 1 and The almost oom lete destruction of 

indication of the enormous forces resident within a tor- 
nadic whirl. A wagon body was carried 300 feet from 
this building, and hacks standing in a shed a t  the rear 
that was unroofed were turned upside down. From this 
brick building the tornado 'umped a low shed, and strik- 

ished it. One-eighth mile northwest of the Powell store 
the two whirls, which had followed nearly parallel 
courses, ap ear to have joined. The destructive effects 
of the left-Lnd whirl were limited, for its pathway lay 
large1 throu h open country. However, it twisted the 
top 08 a w e t  unroofed a house, and picked up a small 
outbuilding, which it laced roof downward on the oppo- 
site side of a fence. I sma l l  two-sto dwelling (7, fig. 1) 

was also demolished by this whirl, and it9 d6bris strewn 
for onefourth of a mile northwest. 

The reunion of the two w h l s  did not decrease the po- 
tency of the tornado, for the dwelling houses of Mr. Edclie 
Bennett and Dr. R. Powell (9 and 10, fig. 1, and fig. 3), 
standm direct1 in the pathway of the tornado, were 

foundations. There were six people sleeping in the Ben- 
nett home, all of whom esca ed serious injury, almost 

blown eastward into the street lodging against a shade 
tree (fig. 4), the back of the house was forced backward 
toward the west into the arden, and tlie top of the house 
was carried northeastwar 8 . The lower floor of the house 
was inverted. Apparently this house ex loded, a rather 

tornadoes. Mr. Bennett was slee ing on the lower floor 

bed had changed their respective positions. In the over- 
turning of the floor the bed had been overturned on him. 
He was nearly half an hour in making his way out from 
beneath the wreck. 

The Dr. PowelI house was located adjacent to Mr. 
Bennett's on the north. The dining room and kitchen 
were displaced, the remainder of the house was completely 
wrecked. A baby 7 weeks old slee in between the 
mother and father was mstantly kiEecf having been 
struck on the head by a heavy object. The mother was 
seriously in'ured, and the father sustained sIight bruises. 
The two o th er children were not hurt. 

The metallic shingles of the PoweIl house, readily reco- 
nized by thew green color, were driven into trees iiearb 
1 mile from the house to the northeast. Several were 
icked up at a distance of 9 miles to the northeast of 

&etna, and later, observers reported having seen the 
shuyles 30 miles northeast, in Campbell County. Heavy 
win ow weights were carried a distance of 13 miles from 
the house. 
After the destruction of the two homes 'ust described 

northeast. In  this direction it h t  encountered the 
home of Mr. J. E. Bennett (15, fig. 1) which was shifted 
backward from its foundation for a distance of 8 feet, 
leading the occupants to believe that the house had been 

. 2). 
this newly bm 9 t and modern brick i! uilding affords an 

ing the store of R. B. Powel \ (8, fig. l), completely clemol- 

standing 500 feet southwest of the 8r etna livery stable 

ractic 9 9  ly leveed to the ground, including the brick 

miraculously it would seem. F he front of the house was 

common phenomenon in the case of bu 2 dings caught in 

with his small son and was arouse B to find that he and the 

the tornado suddenly shifted its direction i rom north to 

W96-18----2 

struck by lightning. Here two interesting occurrences 
illustrate the freakish features so often observed in the 

aths of tornadoes. A post firmly embedded in the 
Rard ground to the depth of 2 feet or more was lifted clear 
of the surface without being damaoed, A house cat 
was picked up and carried a mile, finaly being deposited 
in u tree, where its lifeless body was seen hanging the 
next day, its nine lives having been insufficient to sur- 
vive its esperiences while in transit. 

The Chrutian Church of Gretna (11, fig. l ) ,  a large 
buildmg substantially constructed of boards, was di- 
rectly in the path of the tornado and was completely 
destroyed (fig. 5). The boards and heav timbers were 
strewn for one-half a mile across the fie1 B s to the north- 
east. The heavy plank floor was lifted up and rotated 
t.lirough an angle of 15' with res ect to t,he found& 

of the church organ were found three-fourths of a mile 
away. 

The home of Mr. D. V. Adanis (12, fig. 1 and fig. 6),  a 
modern brick structure, suffered severely, the front of the 
house being removed almost entirely, together with the 
roof. Mr. Adanis, with his Wife and small child, had 
retired for the night, their sleepiw rooni being in the rear 
of the house on the second floor. ?hey were awakened by 
a terrific crash. Mr. Adanis arose, thinking that the house 
had been struck by lightning. Upon discovery that i t  
was raining ve hard he went to tlie window to look out. 
 is wife urgeclYini to retire a.gain, saying that tlie.re was 
nothing he could do, as the house had not been set on fire 
by the lightning. He noted a peculiar odor as if quanti- 
ties of filie dust had been blown into the rooni, and a 
minute later lie found that the ceiling of the room was 
leaking in one corner. Deciding to investigate further 
he stepped through the bedroom door into the front of 
the house to find himself standing in the o en air. 

The roof of the Adunis house was carried f or a distance 
of one-half a inile and dropped in a gull . A lar e por- 
tion of the faniily wardrobe was carried t E ree-fourt%s of a 
mile northeast into the woods and left hanging upon the 
trees. Bed quilts were blown 13 iniles to be carefully 
spread out without bein torn. .A brick from the house 
was blown through the t%ck board wall of the Methodist 
Church, 500 feet, to the north-northeast, and displaced [L 

ew sonie 3 or 4 feet from its original position. The 
kpiscopal Church, 150 feet farther northeast, was moved 
slightly and the interior damaged. Fortunately it and 
the Methodist Church were east of the main path of the 
tornado, otheiwise the would have experienced the same 
fate as the Glwistian &urch 

From the Adanis home the tornado passed northeast- 
ward across open fields to the north of Gretna, leaving a 

ath strewn with every conceivable object-wrecka e of 
guildings, household furniture, cooking utensils, clot%mg, 
etc. From these fields it entered a strip of woods three- 
fourths of a mile northeast of the mllage. Its track 
through the woods may be easily seen from a distance 
even with the dense foliage of summer on the trees. 
Nearly every tree in its path was felled, man being 

escellent indication of the direction of the air currents in 
the tornadic whirl. Many of the trees on the right side 
of the path have fallen inward and slightly forward in the 
direction in which the tornado was moving. On the op- 
posite side a number of trees have fallen inward also, but 
they tend to point backward in the direction from which 
the tornado came. This well illustrates the circular IUO- 
tion of the air currents in the tornado and their counter- 
clockwise direction. 

tion. The heavy stoves were Carrie s 800 feet, and pieces 

twisted off. The position of the tree trunks a B ord an 
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Little destruction was effected beyond this stri of 
woods. Its path ma be traced across the Sout 1 ern 
Railroad near the S U T  phur Spring, a mile northeast of 
Gretna, and into the woods on the 
tracks. It seems then to have 
and there to the surface again. 
dips 8 or 10 miles northeast of Gretna a house was 
unroofed and a log blown across the bed of a man sleeping 
on the second floor. Not far distant a tobacco barn was 
likewise uncovered with the added interesting feature that 
the tobacco with which the barn was filled at the time was 
completely lifted out and carried onward. In  one corn 

I I W.T. 
- +ORNA.D6 PATA , 

00’ SI’ €lo- 7s. 

FIG. l.-Weather map, 8 p. m. October 29,1917. 

field a number of ears were neatly husked and a quantity 
of stalks blown into the neighboring woods. 

The noise of the passing torna.do was heard at Gladys, 
a small town located 20 miles northeast of Gretna, 
frightening those people who had not retired. No 
damage was done, as the tornado was apparently several 
hundred feet above the earth’s surface at the time. It 
was also reported east of Lynchbur where it was heard 
passin overhead shortly after 11 o’5ock 

Buil%ings in Gretna not in the direct pa& of the tornado 
sderedshght dam e from thestrongltateralcurrents that 
accompany a torna 3 0. The railroad station (13, fig. 1) 

had a section of its roof removed, and the Virginia 
Hotel (14, fig. l),  across the railroad from the station, had 
a small part of its roof torn up. The Masonic Temple was 
almost completely unroofed and the rear portion of the 
large warehouse of Shelton Bros. was removed. All of 
these buildings were east of the main path pursued by the 
tornado. 

id passage through the 
village awoke a All accounts agree 
that it resembled most roar of a fast limited 
train nssing along the at full speed. 
Scarce P y a full minut,e elapsed from the time the roar of 

The noise of t,he tornado in 

~ ~~~ ~- 

FIG. &-Weather map, 8 a. m. October 80,1917. 

the tornado was h t  hea.rd unt,il it had died out in the 
distance. This would indicate a speed of 60 milea or 
more per hour. 

The day had been unusual in some respects. It waa 
bright and warm, excessively warm for the time of year. 
At 4 p. m. thundercaps began to form and by sundown it 
was quite cloudy mt.h a close su1ti.g atmosphere. A little 
later it cleared and a warm and gentle spnnglike wind 
began to blow. About 9 p. m. a severe mndstorm was 
ex erienced which ersisted for some time. At 10 

lightning; however, it did not begin to rain until just 
0’ d ock the first thun a er was heard, accompanied by sharp 
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before the time of the tornado, 10:40 p. m. The passage 
of the tornado was accompanied by a terrific down our, 

tornado. This heavy rain continued for sonie 
afterward and gradually slackenin ceased altoge t,lier 

of the night, the clouds hanging low and driving fast 
before a hard wind that followed the storm and persisted 
throughout the remainder of the ni ht. After midnight 

the noise of which tended to deaden the roar o F the 

before midnight. The sky remaine B clouded for the rest 

ew colder rapidly and the next % ay there was a light, 
fa itf of snow. 

T in 
mar E ed V-shaped cyc s f  one see figs. 7 and S) it  would be 

DISCUSSION. 

Since this tornado was followed by a sha 
tem erature at the assa e of the wuid-shift ine of a 

natural on first thought to esplain the storni as the result 
of cold air running over the mountains in advance of the 
wind-shift line a t  the earth’s surface, and entrapping 
below it some of the warm, moist air on the Piedmont. 
This would cause intense local convection, and the result- 

~ ELKINS, W. VA. 
in turbulence might be sufficient to produce a tornado. 

%uch an e s  lanation, however, does not seem to be 
justified b d)e facts. At Lynchburg, about 40 miles 

till 7 hours after the storm (see fig. lo), although some 
humps in the pressure curve might le itimately be 

dense air 

north-nort I east of Gretna, there was no rise in pressure 

expected if a considerable stratum of cod, 9 

arrived aloft. AtElkins, W. Va., rain began a t  7:40 p. m., 
the temperature fell 6’ F. a t  about 7:50 to 8:OO p. m., 
and there was a temporary, sharp rise in pressure 
amounting to 0.03 inch a t  about 8 p. m. (See fig. 9.) 
‘l’his is the oily intimation that there may have been EL 
cold wind front doft which could have reached Gretna a t  
the time (10:40) the tornado occurred. 

OCT. 29 OCT. 30 
NOON 2 4 6 8 I3 MDT.2 4 6 8 IO NOON 

- -  

LY NCHBURG , VA. 
Other conditions indicate that this tornado may be 

e s  lained without assuming the arriva.1 of a widespread 

cool air left from the anticyclone which was over this 
region the SSth was dissipated rather slow1 

29th. (See fig. 7.) It is evident from the high tempers- 
tures and souther1 winds a t  a11 surroundin stations, 

during the day, that the warm, south wind was riding 
over this mass .of cool air. Gretna seems to have been 
on the southern edge of the stagnant air until shortly 
after sunset, when “it cleared and a warm, g-mtle, spring- 
like wind began to blow.” This li ht wind nding up over 

beginning there a t  9:05 p. m. 
At about 9 p. m. a severe windstorm of several hours 

durntioii began a t  Gretna; and 25 minutes later this wind 
reached the surface a t  Lynchburg, causing a remarkably 
rapid rise of temperature (see fig. lo).* When the 
temperature had reached its masimum of 70° F. a t  
Lynchburg the first thunder was heard at Gretna (10 
p. m.), and 40 minutes later the tornado occurred there. 
Whence came the cold air necessary to produce such an 

cod P wind running over the mountains. The stagnant 

Lpcliburg and robably westward to beyon 8; the and Blue at 
Ridge some of t E ‘s air remained till the evening of the 

and from the clou (9 iness and light rainfall a t  E ynchburg 

the cold air still at Lynchburg pro Q ably made the rainfall 

*a. abstract on next page. 


